Many serological techniques have been described for estimating streptococcal antibody titers, including bacterial agglutination (1, 8) , complement fixation (3, 12) , hemagglutination (5, 17) , and immunodiffusion in gel agar (7) . Such in vitro tests, which measure total antibody response, cannot be used for the direct quantitation of antibodies against the virulent factors of streptococci unless these antigens have been isolated and purified. The in vivo passive mouseprotection test has proven useful, however, for the detection and quantitation of protective antibody produced with crude antigen mixtures (2, 10, 13) . This report presents the results of experiments conducted in our laboratory to determine the in vitro assay which best parallels the protective capacity of rabbit and cow antisera against Streptococcus dysgalactiae. Results are also presented which indicate considerable variation in the ability of IgG and IgM to be detected by either the passive-hemagglutination or complement fixation tests.
MATERIALS AND METHODS
Bacterial strains and antigens. Organisms used as sources of antigen were laboratory strains which had been identified by standard cultural and serological techniques after initial isolation from infected animals. Cornell strain 33 S. dysgalactiae was used for bacterins and mouse challenge. Soluble antigens were released from bacterial cells by sonic treatment (3) .
Bacterial agglutination. Of a 24-hr Todd Hewitt broth culture of S. dysgalactiae 33, 50 ml was pelleted by centrifugation and suspended in 2.5 ml of barbitalbuffered saline. Serum dilutions were also made in barbital-buffered saline.
Equal quantities of the bacterial suspension and the serum dilutions were mixed on glass plates. Agglutination was observed within 30 sec. The results were recorded as the reciprocal of the maximal dilution showing clumping of the bacteria.
Complement fixation. A technique described by Kabat and Mayer (9) was used in this experiment. Guinea pig complement was titrated initially, and an approximate control titration was included with each test. Five 50% hemolytic units of complement with dilutions of sera and antigen were fixed overnight at 5 C. The indicator system was then added, and incubation proceeded at 37 C for 30 min. Complement fixing titers were read in tubes with 50% lysis and recorded as the reciprocal of the dilution.
Hemagglutination. The technique used has been described previously (17 Mouse protection test. Groups of five white IBR strain mice were subcutaneously injected with 0.5 ml of whole, diluted, or mercaptoethanol-treated antiserum, 24 hr prior to intraperitoneal challenge with a known quantity of S. dysgalactiae in 5% hog gastric mucin. The protective capacity of the serum was estimated by the number of organisms needed to produce an LD5o at 72 to 96 hr postinfection. The 50% end points were calculated by the method of Reed and Muench (16) , and the bacterial counts were determined by plating samples of the challenge dose on blood-agar. The results are recorded as the number of colony-forming units necessary for the LD5o.
Preparation of diluted antisera. Serum samples of four New Zealand White rabbits immunized by a series of five subcutaneous injections of living S. dysgalactiae (10 mg of protein per dose) were either pooled (no. 21) or used separately (no. 52, 53). Dilutions were made in normal rabbit serum obtained from nonimmuinized rabbits or in saline. This normal serum was free of streptococcal antibody as indicated by the in vitro tests described, except for the complement fixation test which indicated a slight titer.
Serum samples of two cows (no. 5, 18) previously infected and hyperimmunized with S. dysgalactiae were diluted in fetal calf serum (Grand Island Biological Co., Grand Island, N.Y.). A cow (no. 2) free of previous infection was also used as a serum donor. The fetal calf serum was free of streptococcal antibody as indicated by in vitro testing.
Rabbit sera used to test the effect of mercaptoethanol treatment were the same as the serum dilutions (no. 21 A-E), or from individual rabbits hyperimmunized with living (no. 39, 51) or Formalin-killed (no. 3, 24) S. dysgalactiae. In similar bovine studies, the sera were obtained from serum dilutions (no. 18 A-E), clinically uninfected cattle (no. 1, 10, 17, 29), or animals hyperimmunized with Formalin-killed cultures of S. dysgalactiae (no. 5, 6, 18, 36, 39). The immunization schedules and doses have been described previously (17) .
Antibody inactivation. Samples of the serum dilutions or whole antiserum prepared as above were incubated with 0.1 M 2-mercaptoethanol at 37 C for 30 min (4, 18) . The reacted sera were than dialyzed for 24 hr against barbital-buffered saline which was replaced four times (6) . These treated serum dilutions were immediately tested by hemagglutination, complement fixation, or the mouse-protection tests, and the results were recorded as with untreated sera.
RESULTS
The results of the in vitro and in vivo tests with rabbit serum dilutions are recorded ( Table  1 ). The percentage of original immune serum present in the tested dilutions is listed, and the results of the in vitro tests may be compared in terms of either the serum dilutions or the LD5o of the mouse-protection studies. All tests reflected a progressive decrease of titer as dilutions proceeded.
Results of testing with cow serum are also presented ( Table 2 ); a format similar to the rabbit study has been used to present the data. Once again the hemagglutination, complement fixation, and immunodiffusion tests reflected the serum dilution and the protective capacity of the serum when tested by mouse protection, but a nonspecific agglutination for the bacterial cells was present beyond a 1:1,000 dilution of all bovine serum tested. Such complications have been reported previously by other workers (15) . The effect of mercaptoethanol treatment on hemagglutination and complement fixation titers of the diluted and several nondiluted cow and rabbit sera is presented (Tables 3 and 4) . The dissociation of the IgM generally resulted in some loss of both hemagglutination and complementfixation titers, but the most dramatic loss of titer was observed with the hemagglutination tests on bovine serum. a Nonspecific agglutination of all samples beyond 1: 1,000 dilution. bControl = no serum given prior to intraperitoneal challenge with living S. dysgalactiae. Several studies with various cow and rabbit anti-S. dysgalactiae sera indicate a substantial reduction in the protective capacity of the mercaptoethanol treated sera. For example, the LD50 of rabbit (no. 39) serum was reduced from 10,913 colony-forming units to 1,176 after treatment, whereas the LD50 of control animals was 59 colony-forming units. Likewise cow (no. 5) serum exhibited a reduction from 52,000 to 28,300 colony-forming units after mercaptoethanol treatment. Control mice had an LD.5 of 54 colonyforming units. DISCUSSION The comparison of mouse protective titers of anti-S. dysgalactiae serum to known dilutions of the immune serum does not follow a direct relationship with either cow or rabbit sera. A 50% reduction of immune serum innoculum, for example, did not result in a 50% reduction of the S. dysgalactiae colony-forming units necessary for the LD50. Bacterial agglutination not only proved useless in determining cow serum titers because of nonspecific clumping but was an insensitive means of reflecting protective titers in rabbits. In general, the complement fixation titers were not very high with cow serum, but, with both types of serum, they did generally reflect dilution and protective antibody.
Hemagglutination titers were a more sensitive in vitro test, measuring antibody presence in a 10,240-fold dilution with one rabbit serum and in a 320-fold dilution with a cow serum. Hemagglutination titers also generally correlated with serum dilutions, but, with a twofold dilution system, they were not a direct reflection of protective capacity. The sensitivity of hemagglutination over the other serological methods may be a result of the small amounts of antigen needed to sensitize the surface of erythrocytes (11) .
The measurement of the total number of precipitin reactions by immunodiffusion did not 320  160  80  20  5  160  320  320  40  80  80  80  40   80   5  5  5  5  <5  10  40  10  10  10  10  <10  10  10   40  40  20  10  10  <10  10  40  <10  10  20  20  40  20   40  20  10  <10  <10  <10  <10  20  <10  <10  20 VOL. 99, 1969 seem to correlate well either with serum or protective antibody dilutions. From the above data, it can be surmised that no single in vitro test directly reflects the protective capacity of anti-S. dysgalactiae sera. The complement fixation test seems a good method for detecting rabbit-protective antibody, whereas the hemagglutination test appears to be capable of a wider range of titers which more nearly reflect the protective capacity of bovine or rabbit sera, as established by dilution or passive mouse immunization followed by challenge.
The type of serum antibody measured by the complement fixation, hemagglutination, and mouse-protection tests was determined with 2-mercaptoethanol. Inactivation by mercaptoethanol has been widely used as a means of distinguishing IgG and IgM (6, 14, 18) .
The slight reduction of complement fixation titers of treated rabbit serum indicates that much of the complement fixing activity resides in the IgG fraction of rabbit serum. Because of the low bovine complement fixation titers even before mercaptoethanol treatment, little can be deduced from this data but a residual reactivity is noted in higher titered serums, indicating that in the cow as with the rabbit much of the complement fixation activity is due to IgG.
The effect of mercaptoethanol treatment on the hemagglutinating ability of rabbit serum is quite marked, indicating a large proportion of the hemagglutinating activity of these anti-S. dysgalactiae sera is due to IgM. An even more dramatic reduction of titers is observed with the bovine serum. Only one serum tested did not lose essentially all of its hemagglutinating power after mercaptoethanol treatment, indicating that in the bovine, even more than in the rabbit, the hemagglutinating test measures mostly IgM. The results of mercaptoethanol treatment on both bovine and rabbit antisera indicate a sharing of the protective antibody between IgM and IgG components.
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